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(57) The present invention provides a single carrier/ 
DS-CDMA packet transmission method wherein a pre- 
determined time slot is assigned to reservation demand 
packet transmission in regard to a spreading code, and 
the reservation demand packet and data packets are 
time-multiplexed for transmission. An uplink packet 
transmission method in a multi-carrier/DS-CDMA mo- 
bile communication system is also provided, wherein 
frames are set up in each communication channel of a 
subcarrier, time slots which are time-segments of the 
frames are set up further, and a mobile station spreads 
a packet to be transmitted by a spreading code and the 
information signal is transmitted to a base station in a 
predetermined time slot. A downlink channel configura- 
tion in a multi-carrier/DS-CDMA mobile communication 
system is further provided, wherein a plurality of com- 
munication channels assigned to each of a plurality of 
subcarriers are divided for every predetermined time 
frame, and multiplexed, and the plurality of the commu- 
nication channels assigned to each subcarrier include 
a common-control channel used by a plurality of users 
in common, and 25 communication channels peculiar to 
each user. 
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Description 
TECHNICAL FIELD 

[0001] The present invention relates to DS-CDMA 
(Direct Sequence-Code Divisional Multiple Access) mo- 
bile communications, and particularly relates to single 
carrier/DS-CDMA mobile communications and multi- 
carrier/DS-CDMA mobile communications. 

BACKGROUND TECHNOLOGY 

[0002] Multi-carrier/DS-CDMA mobile communica- 
tions and single carrier/DS-CDMA mobile communica- 
tions are used as DS-CDMA mobile communications. 
[0003] When data length to be transmitted is far long- 
er than one packet length in a single carrier/DS-CDMA 
uplink packet transmission method, an efficient trans- 
mission is achieved at the time of call connection by fix- 
edly assigning spreading codes and time slots to be 
used in communication. 

[0004] In this case, efficient multiplexing is necessary 
with respect to reservation demand packets for reserv- 
ing the allocation of spreading codes and time slots as 
well as with respect to data packets for transmitting real 
data. Since the probability of reservation demand pack- 
ets being able to be transmitted are not controlled in the 
conventional technique, collision of reservation demand 
packets occur frequently at the time of heavy traffic, giv- 
ing rise to a problem that a transmission efficiency de- 
creases. 

[0005] In "Perfomance of orthogonal CDMA codes for 
quasi-synchronous communication systems" (V. DaSil- 
va, E. Sousa: Proc. of ICUPC vol. 2, pp995-999, 1 993), 
first study was made about the multi-carrier/DS-CDMA 
method. 

[0006] Unlike the single carrier/DS-CDMA, which 
transmits a CDMA signal on one carrier, the multi-carri- 
er/DS-CDMA divides a radio-transmission bandwidth, 
and performs parallel transmission of a CDMA signal by 
two or more subcarriers. 

[0007] With this provision, the speed of information 
transmission per subcarrier becomes low, and the 
speed of code spreading at which information signals 
are spread to generate CDMA signals also becomes 
low. Consequently, a chip length of the spreading code 
can be made longer in the multi-carrier/DS-CDMA than 
in the single carrier/DS-CDMA. As the chip length is in- 
creased, the influence of synchronization errors be- 
tween spreading codes will be alleviated. Utilizing this 
feature, the above-mentioned paper applies the multi- 
carrier/DS-CDMA to communications from mobile sta- 
tions to base stations in mobile communications sys- 
tems, and presents a method of performing quasi-syn- 
chronous transmission. 

[0008] Further, a performance evaluation has been 
conducted on a link level of the multi-carrier/DS-CDMA. 
[0009] "On the Perfomance of Multi-carrier DS CDMA 



Systems" (S. Kondo and L. B. Milstein: IEEE Transac- 
tions on Communications, vol.44, no.2, pp.238-246, 
February 1996) demonstrates that the multi-carrier/ 
DS-CDMA provides better properties than the single 
5 carrier/DS-CDMA according to a performance evalua- 
tion that is conducted in the presence of narrow-band 
interference. 

[0010] However, conventional studies about the multi- 
carrier/DS-CDMA method have been centered around 

10 performance evaluations on the link level, and few stud- 
ies have been made on how a mobile station should 
communicate with a base station and how a control sig- 
nal therefor should be transmitted when this method is 
applied to a mobile communication system. 

15 [0011] Furthermore, these studies have a problem in 
that they have been based on the circuit switching meth- 
od which always secures a communication channel of 
exclusive use from the start of transmission to its end 
for signal transmission from a transmitter to a receiver 

20 as usually used in the conventional mobile communica- 
tion system. 

[0012] Moreover, digital mobile communication sys- 
tems (for example, a PDC system, a GSM system, and 
the like) are focused onto voice communication servic- 
es es, and the systems are designed on the basis of the 
circuit switching at present. Further, although a packet 
transmission service is planned also in the next-gener- 
ation mobile communication system (for example, IMT- 
2000), which will be introduced soon, the system design 
30 is also based on the circuit switching. Thus, in a radio- 
transmission system based on the circuit switching, 
channels for an uplink and a downlink are almost equal 
in number, and even if a data communication is per- 
formed, a symmetrical channel structure of the uplink 
35 and the downlink is used. For this reason, transmission 
of a 5 control command to each user is performed using 
the channel corresponding to each user. 
[0013] Conversely, in multimedia mobile communica- 
tions for which demand is supposed to grow in the fu- 
40 ture, communications are asymmetrical between the 
uplink and the downlink. Accordingly, it is conceivable 
that downlink traffic accounts for most of the traffic when 
data is downloaded. Also, when data is uploaded, it is 
conceivable that the uplink traffic accounts for most of 
45 the traffic while the downlink is required only for re- 
sponse signals. In such a case, if one channel assigned 
to each user is used to send each user's control com- 
mand, the efficiency of data transmission becomes 
poor. 

so [0014] In recent years, the multi-carrier/DS-CDMA 
mobile communication system has been attracting at- 
tention as a mobile communication system that is capa- 
ble of high-speed data transmission. This multi-carrier/ 
DS-CDMA mobile communication system has a prob- 

55 iem in that no scheme has yet been proposed about a 
channel structure that takes into account the above-de- 
scribed asymmetry in the amount of data transmission 
between the uplink and the downlink in high-speed data 
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communications directed to multimedia or the like. 
DISCLOSURE OF INVENTION 

[0015] A general object of the present invention is to 
provide an improved single- carrier/DS -CDMA packet 
transmission method, an uplink packet transmission 
method in a multi-carrier/DS-CDMA mobile communica- 
tion system, and a downlink channel 5 structure in a mul- 
ti-carrier/DS-CDMA mobile communication system, 
which solve the problems of the conventional technolo- 
gy mentioned above. 

[001 6] The first object of the present invention relative 
to the single carrier/DS-CDMA packet transmission 
method and transmission system is to provide multiplex- 
ing of a reservation demand packet and a data packet 
efficiently, to improve transmission efficiency, and fur- 
ther to realize a flexible bandwidth control of a channel 
wherein the reservation demand packet and the data 
packet occupy according to changes in traffic amount. 
[0017] In order to attain this object, the present inven- 
tion is structured such that a predetermined time slot of 
part or all of spreading codes is assigned to reservation 
demand packet transmission, and the reservation de- 
mand packet and data packet are time-multiplexed for 
transmission, in the single carrier/DS-CDMA packet 
transmission method which carries out bandwidth ex- 
pansion of an information symbol by a spreading code 
sequence, and carries out packet transmission using 
this spreading code. 

[0018] Moreover, the single carrier/DS-CDMA packet 
transmission method which carries out the bandwidth 
expansion of the information symbol by the spreading 
code sequence, and carries out the packet transmission 
using this spreading code is configured such that k piec- 
es of spreading codes, where 0<k<N and N represents 
the number of all spreading codes, are assigned to the 
reservation demand packet transmission, and the res- 
ervation demand packet and the data packet are code- 
multiplexed and transmitted, 

the reservation demand packet transmission ad- 
mission probability determined in advance is low- 
ered when a channel occupancy rate of the data 
packet exceeds a predetermined value, 
the number of the spreading codes assigned to the 
reservation demand packet transmission is de- 
creased and the number of the spreading codes as- 
signed to the data-packet transmission is increased 
when the chan nel occupancy rate of the data packet 
exceeds a predetermined value, 
when the channel occupancy rate of the data packet 
exceeds a predetermined value, the reservation de- 
mand packet transmission admission probability 
determined in advance is first lowered, and if the 
channel occupancy rate of the data packet still ex- 
ceeds the predetermined value, even after lowering 
the reservation demand packet transmission ad- 



mission probability, then subsequently, the number 
of the spreading codes assigned to the reservation 
demand packet transmission is decreased and the 
number of the spreading codes assigned to the da- 
ta-packet transmission is increased, 
when the channel occupancy rate exceeds the pre- 
determined value, first the number of the spreading 
codes assigned to the reservation demand packet 
transmission is decreased, and if the channel occu- 
pancy rate still exceeds the predetermined value, 
even after decreasing the number of the spreading 
codes assigned to the reservation demand packet 
transmission, then subsequently, the reservation 
demand packet transmission admission probability 
determined in advance is lowered, 
the channel occupancy rate of the data packet is 
measured, and the number of spreading codes 
available f orthe reservation demand packet and the 
reservation demand packet transmission admission 
probability are determined, 

the number of spreading codes available forthe res- 
ervation demand packet and the transmission ad- 
mission probability above-mentioned are inserted 
into an information channel by time-multiplexing, 
a short repetition period spreading code (Short 
code) is used as a code to expand the bandwidth 
of the reservation demand packet and the data 
packet, and 

as the code to expand the bandwidth of the reser- 
vation demand packet, the short repetition period 
spreading code {Short code) is used, and a long 
repetition period spreading code (Long code) is 
used as the code to expand the bandwidth of the 
data packet. 

[0019] The second object of the present invention is 
to provide an uplink packet transmission method for a 
new multi-carrier/DS-CDMA mobile communication 
system, which can realize a packet transmission with a 
variable transmission speed. 

[0020] In order to attain this object, the present inven- 
tion relative to an uplink packet transmission method in 
a multi-carrier/DS-CDMA mobile communication sys- 
tem that has n subcarriers (n being a natural number 
two or larger) is structured such that frames that are seg- 
ments for every fixed time are provided to each commu- 
nication channel of the above-mentioned subcarriers, 
the frame is divided into time slots with F pieces (F 5 
being a natural number, two or larger), and a mobile sta- 
tion transmits a packet to be transmitted to a base sta- 
tion by spreading by a spreading code in synchronous 
with the timing of the above-mentioned time slot. 
[0021] Further the uplink packet transmission meth- 
od for the multi-carrier/DS-CDMA mobile communica- 
tion system which has n subcarriers is structured such 
that: 

the above-mentioned mobile station requires an as- 
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signment of a time slot and a spreading code by 
transmitting a reservation demand packet to the 
above-mentioned base station which assigns a time 
slot and a spreading code to the demanding mobile 
station, and the above-mentioned mobile station 5 
spreads a packet by spreading the packet by the 
spreading code and transmits in the time slot as- 
signed by the above-mentioned base station, 
the above-mentioned mobile station carries out the 
packet transmission through a random access to a 10 
time slot of one the above-mentioned communica- 
tion channels without requesting the above-men- 
tioned base station for an assignment of a time slot, 
transmission speed of the above-mentioned mobile 
station is changed according to a transmission vol- '5 
ume of the packet which the above-mentioned mo- 
bile station transmits, 

the above-mentioned base station assigns k1 piec- 
es (k1 being a natural number, and k1 <=Fxn) of the 
time slot for the above-mentioned reservation de- 20 
mand packet transmission, and further assigns ml 
pieces (ml being a natural number, and ml <= total 
number of available spreading codes) of the 
spreading codes, and the above-mentioned mobile 
station transmits the reservation demand packet 25 
spread by one of the assigned spreading codes in 
the assigned time slot. 

the above-mentioned base station changes the 
number of the time slots k1 for the reservation de- 
mand packet transmission according to the number 30 
of the reservation demand packets during a prede- 
termined period from the above-mentioned mobile 
station, 

the above-mentioned base station changes the 
number of the spreading codes ml for the above- 35 
mentioned reservation demand packet transmis- 
sion according to the number of the reservation de- 
mand packets during the predetermined period 
from the above-mentioned mobile station, 
the above-mentioned base station changes the 40 
number of the time slots k1 for the above-mentioned 
reservation demand packet transmission, and the 
number of the spreading codes ml for the above- 
mentioned reservation demand packet transmis- 
sion according to the number of the reservation de- 45 
mand packets during the predetermined period 
from the above-mentioned mobile station, 
the above-mentioned base station notifies a trans- 
mission limit of a reservation demand packet to the 
above-mentioned mobile station, when there are so 
numerous reservation demand packets during the 
predetermined period from the above-mentioned 
mobile station, the above-mentioned mobile station 
transmits reservation demand packets, following 
• the limit, 55 
the above-mentioned base station assigns k2 piec- 
es (k2 being a natural number and k2<=Fxn) of the 
time slot in which packet transmission is possible 



and an m2 pieces (m2 being a natural number and 
m2 <=total number of available spreading codes) of 
the spreading code is further assigned for spread- 
ing a random access packet, by the above-men- 
tioned mobile station accessing randomly for the 
above-mentioned mobile station to spread and 
transmit the random accessing packet by one of the 
assigned spreading codes in the assigned time slot, 
the above-mentioned base station changes the 
number of the time slots k2 for the above-mentioned 
random access packet transmission according to 
the number of packets during the predetermined 
period from the above-mentioned mobile station 
which carries out random access, 
the above-mentioned base station changes the 
number of the spreading codes m2 for the above- 
mentioned random access packet transmission ac- 
cording to the number of packets during the prede- 
termined period from the above-mentioned mobile 
station which carries out random access, 
the above-mentioned base station changes the 
number of the time slots k2 for the abovementioned 
random access packet transmission, and the 
number of the spreading codes m2 for the above- 
mentioned random access packet transmission ac- 
cording to the number of packets during the prede- 
termined period from the above-mentioned mobile 
station which carries out random access, 
the above-mentioned base station notifies a trans- 
mission limit of a random access packet to the 
above-mentioned mobile station, when there are 
numerous packets during the predetermined period 
from the above-mentioned mobile station which 
carries out random access, and the above-men- 
tioned mobile station performs random access fol- 
lowing the limit, 

the above-mentioned base station assigns p (p be- 
ing a natural number, and p<= the total number of 
available spreading codes) pieces of spreading 
codes to the mobile station according to the magni- 
tude of the transmission volume of the above-men- 
tioned mobile station, 

the above-mentioned base station assigns a 
spreading code having a different spreading factor 
to the above-mentioned mobile station according to 
the magnitude of the transmission volume of the 
above-mentioned mobile station, and 
the above-mentioned base station performs assign- 
ment by changing at least two of the number of 
spreading codes p (p being a natural number and 
p<=total number of available spreading codes), 
spreading codes having different spreading factors, 
the numbers of time slots q (q being a natural 
number, and q<=Fxn) according to the magnitude 
of the transmission volume of the mobile station. 

[0022] The third object of the present invention is to 
provide a downlink channel structure that is capable of 
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efficiently transmitting control information to each user 
in a situation where information transmission volumes 
are asymmetrical between an uplink and a downlink in 
a multi-carrier/DS-CDMA mobile communication sys- 
tem. 

[0023] In order to attain this object, the present inven- 
tion, relative to the structure of the downlink channel in 
the multi-carrier/DS-CDMA mobile communication sys- 
tem thattransmits spreading codes obtained by expand- 
ing bandwidth of information symbols by a spreading 
code sequence using two or more subcarriers that have 
a predetermined frequency interval, is structured such 
that two or more communication channels assigned to 
each of two or more subcarriers are divided for every 
predetermined time frame, multiplexed and assigned to 
each subcarrier, the two or more communication chan- 
nels being used by a common control channel for two 
or more users, and a communication channel peculiar 
to each user. 

[0024] According to the downlink channel structure in 
the multi-carrier/DS-CDMA mobile communication sys- 
tem such as above, either or both of user-peculiar infor- 
mation and common information is/are included in the 
common-control channel of each of the above-men- 
tioned subcarriers and transmitted, when the informa- 
tion is transmitted from a base station to each user (mo- 
bile station). 

[0025] Moreover, from a viewpoint that information 
used by each user when transmitting information to the 
base station should be efficiently transmitted to each us- 
er, the downlink of the present invention can be struc- 
tured such that information for controlling transmission 
of each user's uplink is included in the above-mentioned 
common-control channel. The information for control- 
ling transmission of each user's uplink can include a 
transmission power control command to control the 
transmission power of each user (mobile station), a con- 
trol command used to control a call origination, and a 
control command to control, for example, to control fre- 
quency, code (including a spreading factor), and time to 
be used by each user. 

[0026] Moreover, from a viewpoint that a response to 
information transmitted by each user should be efficient- 
ly transmitted to each user, the structure of each down- 
link channel of the present invention can include infor- 
mation relative to a response to transmission of each 
user's uplink in the above-mentioned common-control 
channel. The information relative to the response to 
transmission of each user's uplink can include, for ex- 
ample, a reply signal ACK (Acknowledgement) and 
NACK (Non-acknowledgement) to an uplink communi- 
cation. 

[0027] Moreover, from a viewpoint that broadcast in- 
formation to be transmitted in common to each user 
should be transmitted efficiently, the present invention 
can include the common broadcast information to each 
user in the above-mentioned common-control channel 
in the structure of each downlink channel mentioned 



above. The broadcast information to each user men- 
tioned above can include time, cell (base station) infor- 
mation , traffic information about the cell to which the mo- 
bile station is connected, road traffic information, and 
5 broadcast information such as about television and the 
. like. 

[0028] Moreover, from a viewpoint that the downlink 
signal should be reliably demodulated according to a 
condition of a radio-transmission path between the base 
10 station and the user, the present invention can include 
a pilot symbol used for demodulating the received signal 
at each user in the above-mentioned common-control 
channel in the structure of each above-mentioned 
downlink channel. 
15 [0029] Moreover, the present invention allows an as- 
signment of a common-control channel to one or a plu- 
rality of code channels of part or all of the plurality of 
subcarriers in the structure of each above-mentioned 
downlink channel. 
20 [0030] Moreover, the present invention allows the 
common -control channel in each subcarrier in the struc- 
ture of each above-mentioned downlink channel to ac- 
commodate different kinds of information. 
[0031] Moreover, the present invention allows infor- 
ms mation that is included in the common-control channel 
assigned to each subcarrier to be time-multiplexed into 
part of each time frame in the structure of each above- 
mentioned downlink channel. 

[0032] Moreover, when information included in each 
30 common-control channel needs to be time-multiplexed 
into part of each time frame, time-multiplexing may be 
carried out with respect to the same timing portion of 
each time frame of each -subcarrier, or may be carried 
out with respect to different timing portions of each time 
35 frame of each subcarrier as claimed in claim 10. 

BRIEF EXPLANATION OF THE DRAWINGS 

[0033] Fig. 1 is a drawing showing an example of a 
40 channel structure of the first embodiment. 

[0034] Fig. 2 is a drawing showing another example 
of the channel structure. 

[0035] Fig. 3 is a drawing showing an example of con- 
trolling reservation demand packet transmission admis- 

45 sion probability. 

[0036] Fig. 4 is a drawing showing an example of as- 
signment control of the number of spreading codes. 
[0037] Fig. 5 is a drawing showing an example of the 
reservation demand packet transmission admission 

so probability control and the assignment control of avail- 
able number of the spreading codes for a reservation 
demand packet. 

[0038] Fig. 6 is a drawing showing an example of the 
reservation demand packet transmission admission 
55 probability control and the assignment control of avail- 
able number of the spreading codes for a reservation 
demand packet of the first embodiment. 
[0039] Fig. 7 is a drawing showing a channel structure 
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of a broadcast channel in a downlink. 
'[0040] Fig. 8 is a drawing showing an example in 
which a reservation demand packet and a data packet 
are bandwidth-spread using a short repetition period 
spreading code. 

[0041] Fig. 9 is a drawing showing an example in 
which the reservation demand packet is spread by the 
short repetition period spreading code, and the data 
packet is spread by a long repetition period spreading 
code. 

[0042] Fig. 10 is a drawing showing the first imple- 
mentation of the first embodiment. 
[0043] Fig. 1 1 is a drawing showing the second imple- 
mentation 

[0044] Fig. 12 is a drawing showing the third imple- 
mentation 

[0045] Fig. 13 is a drawing showing the fourth imple- 
mentation 

[0046] Fig. 14 is a drawing showing the fifth imple- 
mentation 

[0047] Fig. 1 5 is a drawing showing an example of the 
channel structure of the second embodiment between 
a mobile station and a base station in the multi -carrier/ 
DS-CDMA method. 

[0048] Fig. 16 is a drawing (No. 1 ) showing an exam- 
ple of an exchange of control performed between the 
mobile station and the base station when transmitting a 
packet from the mobile station to the base station in the 
second embodiment. 

[0049] Fig. 17 is a drawing (No. 2) showing an exam- 
ple of an exchange of control performed between the 
mobile station and the base station when transmitting a 
packet from the mobile station to the base station. 
[0050] Fig. 18 is a drawing (No. 3) showing an exam- 
ple of an exchange of control performed between the 
mobile station and the base station when transmitting a 
packet from the mobile station to the base station. 
[0051] Fig. 19 is a drawing (No. 1) showing assign- 
ment of a reservation demand packet transmission slot 
in the second embodiment. 

[0052] Fig. 20 is a drawing (No. 2) showing assign- 
ment of the reservation demand packet transmission 
slot. 

[0053] Fig. 21 is a drawing (No. 3) showing assign- 
ment of the reservation demand packet transmission 
slot. 

[0054] Fig. 22 is a drawing (No. 4) showing assign- 
ment of the reservation demand packet transmission 
slot. 

[0055] Fig. 23 is a drawing (No. 5) showing assign- 
ment of the reservation demand packet transmission 
slot. 

[0056] Fig. 24 is a drawing showing changes of the 
number of time slots for the reservation demand packet 
transmission. 

[0057] Fig. 25 is a drawing showing changes of the 
number of spreading codes for the reservation demand 
packet transmission. 



[0058] Fig. 26 is a drawing showing changes of the 
number of time slots, and the number of spreading 
codes for the reservation demand packet transmission. 
[0059] Fig. 27 is a drawing showing a transmission 
5 limit of the reservation demand packet. 

[0060] Fig. 28 is a drawing (No. 1) showing assign- 
ment of a random access packet transmission slot in the 
second embodiment. 

[0061] Fig. 29 is a drawing (No. 2) showing assign- 
ee ment of the random access packet transmission slot. 
[0062] Fig. 30 is a drawing (No. 3) showing assign- 
ment of the random access packet transmission slot. 
[0063] Fig. 31 is a drawing (No. 4) showing assign- 
ment of the random access packet transmission slot. 
15 [0064] Fig. 32 is a drawing (No. 5) showing assign- 
ment of the random access packet transmission slot. 
[0065] Fig. 33 is a drawing showing changes of the 
number of time slots for the random access packet 
transmission. 

20 [0066] Fig. 34 is a drawing showing changes of 5 the 
number of spreading codes for the random access pack- 
et transmission. 

[0067] Fig. 35 is a drawing showing changes of the 
number of time slots, and the number of spreading 

25 codes for the random access packet transmission. 

[0068] Fig. 36 is a drawing showing a transmission 
limit of the random access packet. 
[0069] Fig. 37 is a drawing (No. 1) showing assign- 
ment of spreading codes according to a transmission 

30 volume. 

[0070] Fig. 38 is a drawing (No. 2) showing assign- 
ment of the spreading code according to the transmis- 
sion volume. 

[0071] Fig. 39 is a drawing showing assignment of the 
35 number of time slots according to the transmission vol- 
ume. 

[0072] Fig. 40 is a drawing (No. 3) showing assign- 
ment of the spreading code according to the transmis- 
sion volume. 

40 [0073] Fig. 41 is a drawing (No. 1) showing assign- 
ment of the time slot and a spreading code according to 
the transmission volume in the second embodiment. 
[0074] Fig. 42 is a drawing (No. 2) showing assign- 
ment of the time slot and a spreading code according to 

45 the transmission volume. 

[0075] Fig. 43 is a drawing (No. 3) showing assign- 
ment of the time slot and a spreading code according to 
the transmission volume. 

[0076] Fig. 44 is a block diagram showing a funda- 
50 mental structure of a base station in the third embodi- 
ment of the present invention. 

[0077] 5 Fig. 45 is a block diagram showing the first 
structure example of a common-control channel gener- 
ation unit in the third embodiment. 
55 [0078] Fig. 46 is a block diagram showing the second 
structure example of the common-control 0 channel 
generation unit. 

[0079] Fig. 47 is a block diagram showing the third 
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structure example of the common-control channel gen- 
eration unit. 

[0080] Fig. 48 is block diagram showing the fourth 
structure example of the common-control channel gen- 
eration unit. 

[0081 J Fig. 49 is a drawing showing the first example 
a downlink channel structure in the third embodiment. 
[0082] 0 Fig. 50 is a drawing showing the second ex- 
ample of the downlink channel structure. 
[0083] Fig. 51 is a drawing showing the third example 
of the downlink channel structure. 
[0084] Fig. 52 is a drawing showing the fourth 5 ex- 
ample of the downlink channel structure, 
[0085] Fig. 53 is a drawing showing the fifth example 
of the downlink channel structure. 

THE BEST MODE OF THE INVENTION 

[0086] In the following, embodiments of the present 
invention will be described with reference to the draw- 
ings. 

[0087] The first embodiment of the present invention 
is an embodiment concerning a single carrier/DS-CD- 
MA packet transmission method. 

[0088] Fig. 1 is an example of a channel structure of 
the first embodiment. Here, the horizontal axis and the 
vertical axis of each channel show time and power, re- 
spectively. Information signal is bandwidth-spread by a 
high-speed spreading code sequence, and the informa- 
tion signal whose bandwidth is expanded is transmitted 
by spreading codes Codel through CodeN and time 
slots TS1 through TSM. At this occasion, a certain spe- 
cific time slot is assigned to the reservation demand 
packet transmission. 

[0089] In Fig. 1, among the spreading codes Codel 
through CodeN and the time slots TS1 through TSM, 
the time slot TS1 is assigned to the reservation demand 
packet transmission and the other time slots TS2 
through TSM are assigned to data packets. 
[0090] The assignment to the reservation demand 
packet may be performed to part or all of the spreading 
codes. 

[0091] Fig. 2 is another example of the channel struc- 
ture of the first embodiment. 

[0092] Here : the horizontal axis and the vertical axis 
of each channel show time and power, respectively. 
Bandwidth expansion of the information symbol is car- 
ried out by the high-speed spreading code sequence, 
and the information signal of which bandwidth is ex- 
panded is transmitted by the spreading codes Codel 
through CodeN and the time slots TS1 through TSM. 
Here, a certain specific spreading code is assigned to 
the reservation demand packet transmission. 
[0093] In Fig. 2, among the spreading codes Codel 
through CodeN and the time slots TS1 through TSM, 
the spreading codes Codel through Codek are as- 
signed to the reservation demand packet transmission, 
and 5 the other spreading codes Code (k+1) through 



CodeN are assigned to the data packets. 
[0094] Fig. 3 is an example of transmission admission 
probability control for reservation demand packet. 
[0095] Usually, as shown in Fig. 3(A), when a terminal 

5 (mobile station) requests to make a call, a reservation 
demand packet is transmitted at a certain transmission 
admission probability p (0<p<=1). 
[0096] 5 Here, when a channel occupancy rate of the 
data packets exceeds a predetermined value, the trans- 

10 mission admission probability is lowered to q (0<q<p), 
in order to avoid a collision of reservation demand pack- 
ets, as shown in Fig. 3 (B). 

[0097] Thereby, the collision probability of the reser- 
vation demand packets can be reduced and transmis- 
15 sion efficiency can be raised. 

[0098] Fig. 4 is an example of assignment control of 
the number of spreading codes available to a reserva- 
tion demand packet. 

[0099] Here, the horizontal axis and the vertical axis 

20 of each channel show time and power, respectively. 
Bandwidth expansion of the information symbol is car- 
ried out by the high-speed spreading code sequence, 
and the spread code of which bandwidth is expanded is 
transmitted by the spreading codes Codel through 

25 CodeN and the time slots TS1 through TSM. Here, a 
certain specific spreading code is assigned to reserva- 
tion demand packet transmission. 
[0100] Usually, as shown in Fig. 4 (A), the spreading 
codes Codel through Codek are assigned to the reser- 

30 vation demand packet transmission. 

[0101] When the channel occupancy rate of the data 
packets exceeds a predetermined value at this time, as 
shown in Fig. 4 (B), transmission efficiency can be 
raised by decreasing the number of the spreading codes 

35 currently assigned to the reservation demand packet, 
and increasing the number of the spreading codes as- 
signed to the data packets. 

[0102] In Fig. 4 (B), m pieces of the spreading codes 
(m<k) are reassigned to the data-packet transmission 
40 from those assigned to the reservation demand packet 
transmission. 

[0103] That is, transmission efficiency can be raised 
by using the spreading codes Code (k-m+1 ) through 
Codek previously assigned to the reservation demand 

45 packet will now be used by the data packet. 

[0104] Fig. 5 is an example of assignment control of 
the number of the spreading codes available to the res- 
ervation demand packet transmission and the transmis- 
sion probability of the reservation demand packet. 

so [0105] Here, the horizontal axis and the vertical axis 
of each channel show time and power, respectively. 
Bandwidth expansion of the information symbol is car- 
ried out by the high-speed spreading code sequence, 
and the spread code of which bandwidth is expanded is 

55 transmitted by the spreading codes Codel through 
CodeN and the time slots TS1 through TSM. Here, a 
certain specific spreading code is assigned to reserva- 
tion demand packet transmission. 
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[0106] Usually, as shown in Fig. 5 (A), the spreading 
codes Codel through Codek are assigned to the reser- 
vation demand packet transmission. Moreover, usually, 
when a terminal requests to make a call, a reservation 
demand packet is transmitted at a certain transmission 5 
admission probability p (0<p<=1). 
[0107] In order to avoid a collision of reservation de- 
mand packets, when a channel occupancy rate of a data 
packet exceeds a predetermined value at this time, the 
transmission admission probability q (0<q<p) for the 
reservation demand packet is lowered first as shown in 
Fig. 5 (B). 

[0108] If the channel occupancy rate of the data pack- 
et still exceeds the predetermined value, the transmis- 
sion efficiency is raised by decreasing the number of the 
spreading codes currently assigned to the reservation 
demand packet, and increasing the number of the 
spreading codes assigned to a data packet, as shown 
in Fig. 5 (C). 

[0109] In Fig. 5 (C), m pieces of the spreading codes 
(m<k) are reassigned to the data packet from the reser- 
vation demand packet. 

[0110] That is, transmission efficiency can be raised 
by the data packet using the spreading codes Code (k- 
m +1 ) through Codek currently assigned to the reserva- 
tion demand packet. 

[0111] Fig. 6 is an example of assignment control of 
the number of spreading codes available to the reser- 
vation demand packets and the reservation demand 
packet transmitting probability. 

[0112] Here : the horizontal axis and the vertical axis 
of each channel show time and power, respectively. 
Bandwidth expansion of the information symbol is car- 
ried out by the high-speed spreading code sequence, 
and the information signal of which bandwidth is ex- 
panded is transmitted by the spreading codes Codel 
through CodeN and the time slots TS1 through TSM. 
[0113] Here : a certain specific spreading code is as- 
signed to the reservation demand packet transmission. 
[0114] Usually, the spreading codes Codel through 
Codek are assigned to the reservation demand packet 
transmission beforehand as shown in Fig. 6 (A). More- 
over, usually, when a terminal requests to make a call, 
the terminal transmits the reservation demand packet at 
a certain transmission admission probability p 
(0<p<=1). 

[0115] As shown in Fig. 6 (B), when a channel occu- 
pancy rate of a data packet exceeds a predetermined 
value at this time, the number of the spreading codes 
currently assigned to the reservation demand packet is 
decreased, and the number of the spreading codes as- 
signed to the data packet is increased. In Fig. 6 (B), m 
pieces of the spreading codes (m<k) are reassigned to 
the data packet from the reservation demand packet. 
[01 1 6] If the channel occupancy rate of the data pack- 
et still exceeds the predetermined value, in order to 
avoid the collision of reservation demand packets, the 
transmission admission probability q (0<q<p) for the 
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reservation demand packet is lowered as shown in Fig. 
6 (C). 

[0117] In this manner, the collision probability of the 
reservation demand packets is reduced and transmis- 
sion efficiency is raised. 

. [01 18] Fig. 7 is the example of a structure of the down- 
link broadcast channel in the first embodiment. 
[0119] Here, the horizontal axis of a channel express- 
es time. Information about the number of spreading 
codes available to the reservation demand packet and 
the transmission admission probability is inserted into 
the broadcast channel, as a reservation demand packet 
by time-sharing 

[0120] The channel is specified by the spreading code 
and the time slot. 

[0121] Fig. 8 shows an example of a period of the 
spreading code for the bandwidth expansion of the res- 
ervation demand packet and the data packet in the first 
embodiment. 

[01 22] Here, both the reservation demand packet and 
the data packet are bandwidth-spread by a short repe- 
tition period spreading code. 

[0123] Fig. 9 is another example showing periods of 
the spreading code for the bandwidth expansion of the 
reservation demand packet and data packet in the first 
embodiment. 

[0124] Here, the data packet is bandwidth-expanded 
by a long repetition period spreading code, and the res- 
ervation demand packet is bandwidth-expanded by the 
short repetition period spreading code. 
[0125] The first implementation of multiplexing the 
reservation demand packet and data-packet in the sin- 
gle carrier/DS-CDMA uplink packet transmission by the 
first embodiment is shown in Fig. 10. 
[0126] Fig. 10 (A) shows a channel structure, Fig. 10 
(B) shows a normal situation, and Fig. 10 (C) is a draw- 
ing that shows a control of the transmission admission 
probability for the reservation demand packet when a 
channel occupancy rate of a data packet exceeds a pre- 
determined value. 

[0127] Fig. 10 shows a control of the reservation de- 
mand packet transmission admission probability corre- 
sponding to Fig. 3, using the packet multiplexing method 
shown in Fig. 1 and the downlink broadcast channel 
structure shown in Fig. 7. 

[0128] In the first implementation of the first embodi- 
ment, a certain specific time slot is assigned to the res- 
ervation demand packet transmission. In a situation 
where a terminal transmits at the reservation demand 
packet transmission admission probability p (0<p<=1), 
a base station measures a channel occupancy rate of 
the data packets, and when the value exceeds a prede- 
termined value, the base station transmits a command 
which performs a control to lower the reservation de- 
mand packet transmission admission probability to q 
(0<q<p) by inserting the command into a downlink 
broadcast channel by the time-multiplexing. 
[0129] The second implementation of multiplexing the 
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reservation demand packet and the data-packet in the 
single carrier/DS-CDMA uplink packet transmission of 
the first embodiment is shown in Fig. 11 . 
[0130] Fig. 11 (A) shows a channel structure, Fig. 11 
(B) shows a normal situation, and Fig. 11 (C) is a draw- 
ing showing a reservation demand packet transmission 
admission probability control when the channel occu- 
pancy rate of the data packet exceeds a predetermined 
value. 

[0131] Fig. 11 shows a control of the reservation de- 
mand packet transmission admission probability corre- 
sponding to Fig. 3, using the packet multiplexing method 
shown in Fig. 2 and the downlink broadcast channel 
structure shown in Fig. 7. 

[0132] A certain specific spreading code is assigned 
to the reservation demand packet transmission in the 
second implementation of the first embodiment. In a sit- 
uation where a terminal transmits at a reservation de- 
mand packet transmission admission probability p 
(0<p<=1), a base station measures a channel occupan- 
cy rate of a data packet, and when the value exceeds a 
predetermined value with, the base station transmits a 
command which performs control to lower the reserva- 
tion demand packet transmission admission probability 
to q (0<q<p) by inserting the command into a downlink 
broadcast channel by the time-multiplexing. 
[0133] Fig. 12 shows the third implementation of mul- 
tiplexing a reservation demand packet and a datapacket 
of the first embodiment in the single carrier/DS-CDMA 
uplink packet transmission. 

[0134] Fig. 12 (A) shows a channel structure, Fig. 12 
(B) shows a normal situation, and Fig. 12 (C) is a draw- 
ing showing control of the number of assigning spread- 
ing codes for the reservation demand packet transmis- 
sion when a channel occupancy rate of the data packet 
exceeds a predetermined value. 
[0135] Fig. 12 shows assignment control of the 
number of the spreading codes available to the reser- 
vation demand packet corresponding to Fig. 4, using the 
packet multiplexing method shown in Fig. 2 and the 
downlink broadcast channel structure in Fig. 7. 
[0136] In the third implementation of the first embod- 
iment, a certain specific spreading code to reservation 
demand packet transmission is assigned. In a situation 
where k pieces of spreading codes are assigned to the 
reservation demand packets, a base station measures 
the channel occupancy rate of the data packets, and 
when the value exceeds a predetermined value, the 
base station transmits a command which performs con- 
trol to reduces the number of spreading codes assigned 
for reservation demand packet transmission to k-m 
(0<m<k) by inserting the command into the downlink 
broadcast channel by the time-multiplexing. 
[0137] The fourth implementation of multiplexing the 
reservation demand packet and the data-packet in the 
single carrier/DS-CDMA uplink packet transmission by 
the first embodiment is shown in Fig. 13. 
[0138] Fig. 13 (A) shows a channel structure, Fig. 13 



(B) shows a normal situation, Fig. 13 (C) shows the res- 
ervation demand packet transmission admission prob- 
ability control when a channel occupancy rate of a data 
packet exceeds a predetermined value, and Fig. 13 (D) 

5 shows assignment control of the number of spreading 
codes available to the reservation demand packet trans- 
mission when the channel occupancy rate of the data 
packet exceeds the predetermined value, even after the 
reservation demand packet transmission admission 

10 probability control is carried out. 

[0139] Fig. 13 shows control of the reservation de- 
mand packet transmission admission probability and 
the number of spreading codes assignable for the res- 
ervation demand packet transmission corresponding to 

15 Fig. 5, using the packet multiplexing method shown in 
Fig. 2, and the downlink broadcast channel structure 
Fig. 7. 

[0140] 0 In the fourth implementation of the first em- 
bodiment, a certain specific spreading code is assigned 

20 to the reservation demand packet transmission. Where 
a terminal is transmitting at the reservation demand 
packet transmission admission probability p (0<p<=1) 
and the number of the spreading codes standing at k, a 
base station measures the channel occupancy rate of 

25 the data packet, and when the measured value exceeds 
a predetermined value, the base station transmits a 
command which performs control to lower the reserva- 
tion demand packet transmission admission probability 
to q (0<q<p) by inserting the command into the downlink 

30 broadcast channel by the time-multiplexing. 

[01 41 ] When the channel occupancy rate of the data 
packet still exceeds the predetermined value even after 
this operation is performed, the base station transmits 
a command that performs control to reduce the number 

35 of spreading codes assigned for the reservation de- 
mand packet transmission to k-m (0<m<k) by inserting 
the command into the downlink broadcast channel by 
the time-multiplexing. 

[0142] The fifth implementation of multiplexing a data- 

40 packet and a reservation demand packet in the single 
carrier/DS-CDMA uplink packet transmission of the first 
embodiment is shown in Fig. 14. 
[0143] Fig. 14 (A) shows a channel structure, Fig. 14 
(B) shows a normal situation, Fig. 14 (C) shows assign- 

45 ment control of the number of spreading codes for the 
reservation demand packet transmission when a chan- 
nel occupancy rate of a data packet exceeds a prede- 
termined value, and Fig. 14 (D) is a drawing showing 
the reservation demand packet transmission admission 

so probability control when the channel occupancy rate of 
the data packet still exceeds the predetermined value 
even after the number of spreading code assignment 
control for reservation demand packet transmission has 
been carried out. 

55 [0144] Fig. 14 shows the reservation demand packet 
transmission admission probability control correspond- 
ing to Fig. 6, and assignment control of the number of 
the spreading codes for the reservation demand packet 
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transmission, using the packet multiplexing method 
shown in Fig. 2 and the downlink broadcast channel 
structure in Fig. 7 

[0145] In the fifth implementation of the first embodi- 
ment, a certain specific spreading code is assigned to 5 
the reservation demand packet transmission. While a 
terminal is transmitting at the reservation demand pack- 
et transmission admission probability p (0<p<=1) and 
the number of the spreading codes for the reservation 
demand packet transmission being k, a base station 10 
measures a channel occupancy rate of the data packet, 
and when the value exceeds a predetermined value, the 
base station transmits a command which performs as- 
signment control to reduce the number of spreading 
codes for the reservation demand packet transmission is 
to k-m (0<m<k) by inserting the command into the down- 
link broadcast channel by the time-multiplexing. If the 
channel occupancy rate of the data packet still exceeds 
the predetermined value after this operation is per- 
formed, the base station transmits a command that per- 20 
forms control to lower the reservation demand packet 
transmission admission probability to q (0<q<p) by in- 
serting the command into the downlink broadcast chan- 
nel by the time-multiplexing. 

[0146] In addition, the first embodiment of the present 2S 
invention is applicable to both an uplink packet trans- 
mission and a downlink packet transmission. 
[0147] Moreover, in the first embodiment, when a 
base station determines the number of spreading codes 
available for a reservation demand packet, the base sta- 30 
tion notifies the information thereof to a mobile station, 
specifying the number of spreading codes, or a specific 
spreading code, as a reservation demand packet chan- 
nel. 

[0148] Next, the second embodiment of the present 35 
invention will be described. 

[0149] The second embodiment is an embodiment 
concerning an uplink in a multi-carrier/DS-CDMA mobile 
communication system. 

[0150] Fig. 15 is a drawing showing an example of a 40 
channel structure between a mobile station and a base 
station in the multi-carrier/DS-CDMA method. 
[0151] A frequency bandwidth to be used is divided 
into n subcarriers f 1 -fn (n being a natural number of two 
or larger). Moreover, these subcarriers f 1 -fn are used by 4 $ 
time-sharing. Therefore, frames are set up to each sub- 
carrier. (A frame is a segment for every fixed time, and 
a frame length is set to T F . The frames are common to 
all subcarriers.) Furthermore, the frames are divided in- 
to F pieces of time slots in time (F being a natural so 
number of two or larger) TS1-TSF (1 time-slot length 
TS=T F /F). 

[0152] Therefore, over all subcarriers, there are Fxn 
pieces of the time slots in'one frame. 

[0153] A mobile station transmits a packet according ss 
to the timing of this time slot. Moreover, within the same * 
time slot, a packet is multiplexed by the principle of the 
code division (CDMA) by spreading with different 



spreading codes. 

[0154] Therefore, by the channel structure of Fig. 15, 
simultaneous transmission of a plurality of packets, 
Fxnx (the number of multiplex spreading codes) is at- 
tained. 

[0155] In the example of Fig. 15, three packets are 
multiplexed by CDMA in the time slot TS1 of the sub- 
carrier f 1 . 

[0156] Fig. 16 shows an example of an exchange of 
control performed between a mobile station and a base 
station when packet transmission is carried out to the 
base station from the mobile station. 
[01 57] The mobile station first transmits a reservation 
demand packet to the base station, demanding an as- 
signment of a time slot and a spreading code for trans- 
mitting a packet (S101). To the assignment demand 
from the mobile station, the base station assigns a time 
slot on a communication channel, and a spreading code 

(5102) , and notifies the result to the mobile station 

(5103) . 

[01 58] The mobile station spreads the packet with the 
assigned spreading code in the time slot assigned from 
the base station, and transmits (S104). 
[01 59] Thereby, only the mobile station which was as- 
signed the time slot and the spreading code can transmit 
by spreading the packet using the assigned spreading 
code in the assigned time slot. 

[0160] If a large number of the time slots or a large 
number of the spreading codes are assigned, a large 
number of packets can be transmitted simultaneously, 
making a transmission capacity large. 
[0161] Moreover, even when one time slot and one 
spreading code are assigned, the mobile station uses 
the assigned spreading code and the time slot with pri- 
ority, enabling a packet transmission in a large transmis- 
sion volume as a result, if the transmission can be done 
periodically and reliably until information which the mo- 
bile station is to transmit is finished. 
[01 62] Fig. 1 7 is a drawing showing an example of an 
exchange of control performed in a mobile station and 
a base station when packet transmission is carried out 
to the base station from the mobile station. The mobile 
station carries out a random access to one of time slots 
of a communication channel, and transmits a packet 
(S111). 

[01 63] Here, if it succeeds in transmission of a packet, 
the packet transmission will be ended (YES at S112). 
When it fails (NO at S1 1 2), the mobile station carries out 
a random access again to one of the time slots on the 
communication channel, and transmits the packet 
(S111). 

[0164] Thus, the method, wherein the packet trans- 
mission of the mobile station is carried out by randomly 
accessing one of the time slots of the communication 
channels, without requiring a time slot assignment of the 
above-mentioned base station, is suitable when carry- 
ing out a packet transmission in a small transmission 
volume from the mobile station to the base station. 
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[0165] .0 Fig. 1 8 is a drawing showing an example of 
an exchange of control performed in the mobile station 
and the base station for changing a transmission speed 
according to a volume of packet transmissions that the 
mobile station is to transmit. 

[0166] .5 When the mobile station transmits a reser- 
vation demand packet to the base station and requires 
an assignment of a time slot and a spreading code first, 
the volume of the transmission is also communicated 
(S120). 

[0167] Based on the information about the assign- 
ment demand and the transmission volume from the 
mobile station : the base station assigns a time slot and 
a spreading code on a communication channel accord- 
ing to the transmission volume of the mobile station, and 
notifies the result to the mobile station (S121). 
[01 68] The mobile station transmits packets based on 
the notified result (S122). 

[0169] Thereby, if the transmission volume of the 
packets which the mobile station is to transmit is large, 
the base station will allocate a time slot that is capable 
of transmitting the big transmission volume (for exam- 
ple, two or more time slots) and a spreading code (for 
example, two or more spreading codes, and a spreading 
code of a small spreading factor) , and if the transmission 
volume which the mobile station needs is small, the 
base station will allocate a time slot and a spreading 
code accordingly. 

[0170] Inthis manner, the base station assigns a time 
slot and a spreading code adaptively according to the 
transmission volume of the mobile station. 
[0171] As for the mobile station, a transmission speed 
according to the transmission volume is attained. 
[0172] Next, a description will follow as to how the 
base station assigns a time slot and a spreading code 
for the reservation demand packet transmission, when 
the mobile station transmits the reservation demand 
packet to the base station. 

[0173] From the mobile station to the base station, a 
simultaneous transmission of a plurality of packets of 
Fxnx (the number of multiplexing of spreading codes) is 
attained as shown in Fig. 15. 

[0174] In the present invention, some of these Fxnx 
(the number of spreading multiplexing codes) are used 
for the reservation demand packet transmission. 
[0175] In Fig. 1 9, the base station assigns arbitrary k1 
pieces (k1 being a natural number, and k1 <=Fxn) of 
time slots as the reservation demand packet transmis- 
sion time slots out of the Fxn pieces of time slots that 
are present in one frame. Then, the mobile station 
spreads the reservation demand packet by one of ml 
pieces (ml being a natural number, and m1<= total 
number of available spreading codes) of spreading 
codes determined beforehand by the base station and 
transmits the reservation demand packet in the time 
slot. 

[0176] In Fig. 19, a time slot TS1 of a subcarrier f 1 , a 
time slot TS1 of a subcarrier f2, and a time-slot TS2 of 



a subcarrier f3 and the like are assigned as the reser- 
vation demand packet transmission time slots. 
[0177] In the case of Fig. 20, an example of the chan- 
nel structure is shown wherein time slots TS1 generated 

5 for every frame in all subcarriers are set up as the res- 
ervation demand packet transmission time slots (k1=n). 
[0178] Fig. 20 is the case where the time slots TS1 in 
all the subcarriers f1-fn are set up as the reservation 
demand packet transmission time slots. 

10 [0179] In the case of Fig. 21 , an example of the chan- 
nel structure is shown, wherein part of the time slot TS1 
is set up as the reservation demand packet transmission 
time slot (k1<n) in all subcarriers. Selection of the k1 
pieces of the time slots may be dispersedly from any 

15 subcarriers, or may be continuously. 

[0180] In Fig. 21 , the time slot TS1 of the subcarrier 
f3 is not assigned as a reservation demand packet trans- 
mission time slot. 

[0181] In the case of Fig. 22, an example of the chan- 
ge nel structure is shown, wherein all the time slots of one 
subcarrier are set up as the reservation demand packet 
transmission time slots (k1 =F) . Here, the number of sub- 
carriers that set up reservation demand packet trans- 
mission time slots may be two or larger. 
25 [01 82] In Fig. 22, ail the time slots of the subcarrier f 1 
are assigned as the reservation demand packet trans- 
mission time slots. 

[01 83] In the case of Fig. 23, an example of the chan- 
nel structure is shown, wherein some of the time slots 
30 of one subcarrier are set up as the reservation demand 
packet transmission time slots (kl<F). Selection of k1 
pieces of the time slots may be from dispersed time 
slots, or continuous time slots. 

[0184] In Fig. 23, TS1 , TS2, TS4, and the like of the 
35 subcarrier f 1 are assigned as the reservation demand 
packet transmission time slots. 

[0185] When there are numerous reservation de- 
mand packets during a predetermined period from a mo- 
bile station, a reservation demand may not be respond- 

40 ed. Then, according to the number of the reservation 
demand packets the number of time slots, the number 
of spreading codes, and the like for the reservation de- 
mand packet transmission are changed. 
[0186] In the case of Fig. 24, it is a drawing showing 

45 an example of control performed in the base station 
when the base station is changing the number of reser- 
vation demand packet transmission time slots k1 (k1 be- 
ing a natural number, k1 <=Fxn) according to the 
number of the reservation demand packets during a pre- 

50 determined period from the mobile station. 

[01 87] The base station measures the number of the 
reservation demand packets transmitted from the mo- 
bile station during the predetermined period <S130). 
[0188] If the measuring result indicates that the 

55 number of the reservation demand packets is larger 
than a certain threshold (YES in S131), the number of 
the reservation demand packet transmission slots is in- 
creased, and the position of the time slot is notified to 
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the mobile station (S1 33). 

[0189] If the measuring result indicates that the 
number of the reservation demand packets is below the 
threshold (YES in S132), the number of the reservation 
demand packet transmission slots is decreased, and the 
position of the time slot is notified to the mobile station 
(S134). 

[0190] If the number of the reservation demand pack- 
ets is not larger than the threshold (NO in S1 31 ) and the 
number of the reservation demand packets is not below 
the threshold (NO in S132), the number of the reserva- 
tion demand packet transmission slots is not changed. 
[0191] The mobile station transmits a reservation de- 
mand packet according to the position of the reservation 
demand packet transmission time slot notified from the 
base station. 

[0192] Fig. 25 is a drawing showing an example of 
control performed in the base station when the base sta- 
tion changes the number ml (ml being a natural 
number, and ml <= total number of available spreading 
codes) of the spreading codes for the reservation de- 
mand packet transmission according to the number of 
the reservation demand packets from the mobile station 
during the predetermined period. 

[0193] The base station measures the number of the 
reservation demand packets transmitted from the mo- 
bile station during the predetermined period (S140). 
[0194] If the measuring result indicates that the 
number of the reservation demand packets is larger 
than a certain threshold (YES in S141), the spreading 
code ml for spreading a reservation demand packet is 
increased, and its specification is notified to the mobile 
station (S143). 

[0195] If the measuring result indicates that the 
number of the reservation demand packets is below the 
threshold (YES in S142), the number ml of spreading 
codes for spreading the reservation demand packet is 
decreased, and its parameter is notified to the mobile 
station (S144). 

[0196] When the number of the reservation demand 
packets is not larger than the threshold (NO in S141) 
and the number of the reservation demand packets is 
not below the threshold (NO in S142), the spreading 
code for spreading the reservation demand packet is not 
changed. 

[0197] The mobile station chooses one from the 
spreading codes for the reservation demand packet 
transmission notified from the base station , and spreads 
and transmits the reservation demand packet. 
[0198] Fig. 26 is a drawing showing an example of 
control performed in the base station when the base sta- 
tion changes the number of the above-mentioned res- 
ervation demand packet transmission time slots k1 (k1 
being a natural number, and k1 <=Fxn), and the number 
of the spreading codes for the reservation demand 
packet transmission ml (ml being a natural number, 
and ml <= total number of available spreading codes) 
according to the number of the reservation demand 



packets from the mobile station during the predeter- 
mined period. 

[01 99] The base station measures the number of the 
reservation demand packets transmitted from the mo- 

5 bile station during the predetermined period <S1 50). 
[0200] If the measuring result indicates that the 
number of the reservation demand packets is more than 
a certain threshold (YES in S151), "the number of 
spreading codes ml for spreading a reservation de- 

10 mand packet is increased", "the number of reservation 
demand packet transmission slots k1 is increased" or 
"both are increased", and the fact is notified to the mo- 
bile station (S153). 

[0201] If the measuring result indicates that the 
15 number of the reservation demand packets is below the 
threshold (YES in S152), "the number of spreading 
codes ml for spreading a reservation demand packet is 
decreased", "the number of reservation demand packet 
transmission slots k1 is decreased" or "both are de- 
20 creased", and the fact is notified to the mobile station 
(S154). 

[0202] When the number of the reservation demand 
packets is not larger than the threshold (NO in S151) 
and the number of the reservation demand packets is 

25 not below the threshold (NO in S152), "the number of 
spreading codes for spreading a reservation demand 
packer and "the number of reservation demand packet 
transmission slots" are not changed. 
[0203] The mobile station chooses one from the po- 

30 sitions of the reservation demand packet transmission 
time slots and spreading codes for the reservation de- 
mand packet transmission notified from the base station 
for spreading and transmitting a reservation demand 
packet. 

35 [0204] Fig. 27 is a drawing showing an example of 
control performed in the base station in the case of the 
base station limiting transmission of a reservation de- 
mand packet from the mobile station (for example, 
transmission of a reservation demand packet being re- 

40 stricted temporarily) since a possibility of inaccurate 
transmission of a reservation demand packet increases 
when the number of the reservation demand packets in- 
creases, and the mobile station transmitting a reserva- 
tion demand packet according to the limit. 

45 [0205] The base station measures the number of the 
reservation demand packets transmitted from the mo- 
bile station during a predetermined period (S160). 
[0206] If the measuring result indicates that the 
number of the reservation demand packets is larger 

50 than a certain threshold with (YES in S161), a transmis- 
sion limit for a reservation demand packet is made strict- 
er than the current condition, and the fact is notified to 
the mobile station (S163). 

[0207] If the measuring result indicates that the 
55 number of the reservation demand packets is below the 
threshold (YES in S162), the transmission limit of the 
reservation demand packet is made looser than the cur- 
rent condition, and the fact is notified to the mobile sta- 



12 



23 



EP1 175 032 A1 



24 



tion (S164). 

[0208] If the number of the reservation demand pack- 
ets is not larger than the threshold (NO in S1 61 ) and the 
number of the reservation demand packets is not below 
the threshold, the transmission limit is not changed (NO 
in S162). 

[0209] For a mobile station making a random access, 
the base station assigns k2 pieces (k2 being a natural 
number, and k2 <=Fxn) of time slots for the packet trans- 
mission, and further assigns m2 pieces (m2 being a nat- 
ural number, and m2<= total number of available 
spreading codes) of spreading codes for spreading a 
random access packet. 

[021 0] The mobile station spreads the random access 
packet by one of the assigned spreading codes and 
transmits in the assigned time slot. 
[0211] As shown in Fig. 28, the base station assigns 
arbitrary k2 pieces (k2 being a natural number, and k2 
<=Fxn) as random access packet transmission time 
slots out of the of the Fxn time slots that are present in 
one frame. And the mobile station spreads the random 
access packet by one of the m2 pieces (m2 being a nat- 
ural number, and m2<= total number of available 
spreading codes) of spreading codes determined by the 
base station beforehand and transmits in the random 
access packet transmission time slots. 
[0212] In Fig. 28, the time slot TS1 of the subcarrier 
f1 , the time slot TS1 of the subcarrier f2, and the time- 
slot TS2 of the subcarrier f3 and the like are assigned 
as the random access packet transmission time slots. 
[0213] Fig. 29 shows an example of the channel struc- 
ture wherein time slots of the time slot TS1 in all sub- 
carriers generated for every frame are set up as the ran- 
dom access packet transmission time slots (k2=n). 
[0214] In Fig. 29, the time slots TS1 of all subcarriers 
are assigned as the random access packet transmission 
time slots. 

[021 5] Fig. 30 shows an example of the channel struc- 
ture where the time slots of the time slot TS1 generated 
for every frame of some subcarriers are set up as the 
random access packet transmission time slots (k2<n). 
Selecting the k2 pieces of the time slots may be from 
dispersed subcarriers, or from subcarriers adjacent 
each other. 

[0216] In Fig. 30, the time slot TS1 of the subcarrier 
f3 is not assigned as a random access packet transmis- 
sion time slot. 

[0217] Fig. 31 shows an example of the channel struc- 
ture where all the time slots of one subcarrier are set up 
as the random access packet transmission time slots 
(k2=F). 

[0218] In Fig. 31, all the time slots of the subcarrier f1 
are assigned as the random access packet transmission 
time slots. 

[0219] Fig. 32 shows an example of the channel struc- 
ture where part of time slots of one subcarrier are set 
up as the random access packet transmission time slots 
(k2<F). 



[0220] In Fig. 32, the time slot TS1 , the time slot TS2, 
and the time-slot TS4 and the like of the subcarrier f1 
are assigned as the random access packet transmission 
time slots. 

5 [0221] Selecting the k2 pieces of time slots may be 
from dispersed time slots, or time slots adjacent each 
other. 

[0222] If there are numerous random access packets 
during the predetermined period from mobile stations, 

10 a chance may arise that communication is not available. 
Then, according to the number of random access pack- 
ets during the predetermined period, the number of ran- 
dom access packet transmission time slots, a spreading 
code, and the like are changed. 

15 [0223] In the case of Fig. 33, it is a drawing showing 
an example of control performed in the base station 
when the base station changes the number of random 
access packet transmission time slots k2 (k2 being a 
natural number, and k2 <=Fxn) according to the number 

20 of random access packets from the mobile stations dur- 
ing the predetermined period. 

[0224] The base station measures the number of ran- 
dom access packets transmitted from the mobile sta- 
tions during the predetermined period (S230). 

25 [0225] If the measuring result indicates that the 
number of the random access packets is more than a 
certain threshold (YES in S231), the number of random 
access packet transmission slots is increased, and the 
position of the time slot is notified to the mobile stations 

30 (S233). 

[0226] If the measuring result indicates that the 
number of random access packets is below the thresh- 
old (YES in S232), the number of the random access 
packet transmission slots is decreased, and the position 

35 of the time slot is notified to the mobile stations (S234). 
[0227] If the number of the random access packets is 
not more than the threshold (NO in S231) and the 
number of the random access packets is not below the 
threshold (NO in S232), the number of the random ac- 

40 cess packet transmission slots is not changed. 

[0228] The mobile station transmits a random access 
packet according to the position of the random access 
packet transmission time slot notified from the base sta- 
tion. 

45 [0229] Fig. 34 is a drawing showing an example of 
control performed in the base station when the base sta- 
tion changes the number of the spreading codes m2 (m2 
being a natural number, and m2<= total number of avail- 
able spreading codes) for the random access packet 

so transmission according to the number of random access 
packets from the mobile station during the predeter- 
mined period. 

[0230] The base station measures the number of the 
random access packets transmitted from the mobile sta- 
55 tions during a predetermined period (S240). 

[0231] If the measuring result indicates that the 
number of random access packets is larger than a cer- 
tain threshold (YES in S241), the number of spreading 
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codes m2 for spreading a random access packet is in- 
creased, and its parameter is notified to the mobile sta- 
tion (S243). 

[0232] If the measuring result indicates that the 
number of the random access packets is below the 
threshold (YES in S242), the number of the spreading 
codes m2 for spreading the random access packet is 
decreased, and its specification is notified to the mobile 
station (S244). 

[0233] When the number of random access packets 
is not more than the threshold (NO in S241) and the 
number of the random access packets is not below the 
threshold (NO in S242), the number of the spreading 
codes for spreading the random access packet is not 
changed. 

[0234] The mobile station chooses one from the 
spreading codes notified from the base station for the 
random access packet transmission, and spreads and 
transmits the random access packet. 
[0235] Fig. 35 is a drawing showing an example of 
control performed in the base station when the base sta- 
tion changes the number of the above-mentioned ran- 
dom access packet transmission time slots k2 (k2 being 
a natural number, and k2 <=Fxn), and the number of the 
spreading codes for the random access packet trans- 
mission m2 (m2 being a natural number, and m2<= total 
number of available spreading codes) according to the 
number of the random access packets from the mobile 
station during the predetermined period. 
[0236] The base station measures the number of the 
random access packets transmitted from the mobile sta- 
tions during the predetermined period (S250). 
[0237] If the measuring result indicates that the 
number of the random access packets is larger than the 
threshold (YES in S251), "the number of the spreading 
codes for spreading the random access packet m2 is 
increased" or "the number of the random access packet 
transmission slots k2 is increased" or "both are in- 
creased", and the fact thereof is notified to the mobile 
station (S253). 

[0238] If the measuring result indicates that the 
number of the random access packets is below the 
threshold (YES in S252), "the number of the spreading 
codes for spreading the random access packet m2 is 
decreased" or "the number of the random access packet 
transmission slots k2 is decreased" or "both are de- 
creased", and the fact thereof is notified to the mobile 
station (S254). 

[0239] If the number of the random access packets is 
not more than the threshold (NO in S251) and the 
number of the random access packets is not below the 
threshold (NO in S252), "the number of the spreading 
codes for spreading the random access packet" and 
"the number of the random access packet transmission 
slots" are not changed. 

[0240] The mobile station chooses one from the po- 
sitions of the random access packet transmission time 
slots and the spreading codes for the random access 



packet transmission, which are notified from the base 
station, and spreads and transmits the random access 
packet. 

[0241] Fig. 36 shows an example of control performed 

5 in the base station when the base station restricts trans- 
mission of a random access packet from a mobile sta- 
tion (for example, transmission is restricted temporarily) 
and the mobile station transmits the random access 
packet according to the limit, when the number of the 

10 random access packets increases, since there is a pos- 
sibility that transmission of the random access packets 
may not be performed accurately.. 
[0242] The base station measures the number of the 
random access packets transmitted from the mobile sta- 

15 tion during the predetermined period (S260). 

[0243] If the measuring result indicates that the 
number of the random access packets is larger than the 
threshold (YES in S261 ), a transmission limit of the ran- 
dom access packet is made stricter than the currentcon- 

20 dition, and the fact thereof is notified to the mobile sta- 
tion (S263). 

[0244] If the measuring result indicates that the 
number of the random access packets below the thresh- 
old (YES in S262), the transmission limit of a random 
25 access packet is made looser than the cu rrent condition , 
and the fact thereof is notified to the mobile station 
(S264). 

[0245] The transmission limit is not changed, when 
the number of the random access packets is not larger 
30 than the threshold (NO in S261) and the number of the 
random access packets is not below the threshold (NO 
in S262). 

[0246] In the second embodiment of the present in- 
vention, a mobile station changes a transmis_sion speed 

35 according to the magnitude of the transmission volume 
of packets that the mobile station is to transmit. In the 
following, a mode of the change of the transmission 
speed according to the transmission volume is shown. 
[0247] In Fig. 37, an example is shown wherein a mo- 

40 bile station 1 uses p pieces of spreading codes for pack- 
et multiplexing and transmits the packets at a transmis- 
sion speed p times as fast in comparison with a trans- 
mission speed of a mobile station 2. 
[0248] Fig. 38 is a drawing showing an example which 

45 realizes a variable transmission speed by a base station 
assigning a mobile station a spreading code, spreading 
factor of which is changed according to the transmission 
volume of the mobile station within one time slot TS of 
a communication channel. 

so [0249] Fig. 38 shows how the transmission speed of 
the mobile station 1 is made SF times as fast as com- 
pared with the mobile station 2 (a chip rate being the 
same) by using a spreading code, spreading factor of 
which is 1/SF of the spreading code for the mobile sta- 

55 tion 2, for spreading packets of the mobile station 1 . 
[0250] Fig. 39 is a drawing showing an example which 
realizes a variable transmission speed by the base sta- 
tion assigning arbitrary q pieces of time slots (q being a 
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natural number, and q<=Fxn) to a mobile station within 
'one frame of a communication channel according to a 
transmission volume of the mobile station. 
[0251] Fig. 40, Fig. 41, Fig. 42, and Fig. 43 describe 
an embodiment wherein how the base station performs 
an assignment by changing at least two of the number 
of spreading codes p, a spreading factor of the spread- 
ing code, the number of time slots q, according to the 
transmission volume of the mobile station. 
[0252] In Fig. 40, the transmission speed of the mobile 
station 1 is set at pxSF times in comparison with the mo- 
bile station 2, by assigning the mobile station 1 p pieces 
of spreading codes that have a 1/SF spreading factor of 
the spreading factor of the spreading code of the mobile 
station 2, in addition to as described in Fig. 38 
[0253] In Fig. 41 , the transmission speed of the mobile 
station 1 is further set at pxq times of the mobile station 
2 by assigning p spreading codes to each time slot of 
the mobile station 1 , in addition to as described in Fig. 
39. 

[0254] Fig. 42 shows an example wherein the trans- 
mission speed of the mobile station 1 is set at qxSF 
times of the mobile station 2 by assigning the mobile 
station 1 spreading codes that have a 1/SF spreading 
factor of the spreading factor of the spreading code of 
the mobile station 2, and further assigning q times as 
many time slots. 

[0255] Fig. 43 shows an example wherein the trans- 
mission speed of the mobile station 1 is set at pxqxSF 
times of the mobile station 2 by assigning q times as 
many time slot as the mobile station 2 to the mobile sta- 
tion 1 , and further assigning p pieces of spreading codes 
that have a 1 /SF spreading factor of the spreading factor 
of the spreading code of the mobile station 2 in each 
time slot of the mobile station 1 . 

[0256] Next, the third embodiment of the present in- 
vention will be described. 

[0257] The third embodiment is an embodiment rela- 
tive to downlinks in a multi-carrier/DS-CDMA mobile 
communication system. 

[0258] A base station transmitting information to each 
user with a downlink channel structure of the third em- 
bodiment of the present invention is configured as 
shown in Fig. 44, for example. The multi-carrier/DS-CD- 
MA method is used for this base station as an access 
method. 

[0259] In Fig. 44, this base station includes a com- 
mon-control channel generation unit 11, user channel 
generation units 1 2 (#1 ) through 1 2 (#m), a multiplexing 
unit 13, a multi-carrier modulation unit 14, and a trans- 
mitting unit 15. The common-control channel generation 
unit 11 carries out bandwidth expansion of a control in- 
formation symbol of each user according to a specific 
spreading code sequence, and generates a spreading 
code corresponding to the control information symbol. 
Each of the user channel generation units 12 (#1) 
through 1 2 (#m) carries out the bandwidth expansion of 
the information symbol which is to be transmitted to 



each user according to the spreading code sequence 
corresponding to each user, and generates the spread- 
ing code corresponding to the information symbol. 
[0260] The multiplexing unit 13 synthesizes the 

5 spread codes corresponding to the information symbol 
from each user channel generation units 12 (#1)-12 
(#m), then the synthesized signal and the spread codes 
corresponding to the control information symbol from 
the above-mentioned common-control channel genera- 

10 tion unit 11 are multiplexed according to a predeter- 
mined algorithm. The algorithm of this multiplexing can 
be set up arbitrarily. For example, information can be 
multiplexed using time multiplexing wherein information 
is inserted periodically in every fixed period, frequency 

is multiplexing wherein information is inserted into a cer- 
tain specific subcarrier, or code multiplexing wherein 
multiplexing is performed by a certain specific code, or 
any combination thereof. 

[0261 ] The multi-carrier modulation unit 1 4 modulates 

20 so that the multiplexed signal from the multiplexing unit 
13 is distributed over a plurality (n pieces) of subcarrier 
(multi-carrier) components (the inverse discrete Fourier 
transform: IDFT). Then, the signal containing the two or 
more subcarrier components obtained in this multi-car- 

25 her modulation unit 1 4 is transmitted to the transmitting 
unit 15 one by one, and the above-mentioned signal is 
transmitted from this transmitting unit 15 to each user 
(mobile station). A frequency interval of the subcarriers 
used in the above-mentioned multi-carrier modulation 

30 unit 14 is set up at p times (p being a positive real 
number) of an updating frequency (chip rate) of each 
spreading code sequence used in the common-control 
channel generation unit 11 and each of the user channel 
generation units 12 (#1) through 12 (#m). 

35 [0262] The above-mentioned common-control chan- 
nel generation unit 11 is structured as shown in Fig. 45. 
[0263] In Fig. 45, the common-control channel gener- 
ation unit 11 includes an uplink transmission-control in- 
formation generation unit 20 and a synthesizing unit 60. 

40 The uplink transmission -control information generation 
unit 20 generates information for controlling a transmis- 
sion from each user (mobile station), and includes a 
transmission power control information generation unit 
21 , a first transmission-control information generation 

45 unit 22, a second transmission-control information gen- 
eration unit 23, a channel allocation information gener- 
ation unit 24, and a synthesizing unit 25. 
[0264] The transmission power control information 
generation unit 21 generates a transmission power con- 

50 trol command to perform the transmission power control 
of an uplink of the user. The first transmission-control 
information generation unit 22 generates control infor- 
mation, such as frequency, the number of codes, a time 
slot, and transmitting permission probability of random 

55 access that are to be assigned to a random access, 
based on traffic information and the like. The second 
transmission-control information generation unit 23 
generates control information, such as frequency, the 
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number of codes : a time slot, and transmitting permis- 
sion probability of random access that are to be as- 
signed to a reservation demand packet, based on the 
traffic information and the like. The channel allocation 
information generation unit 24 generates information, 
such as frequency, a code (a spreading factor is also 
included), and a time slot that are assigned to a user to 
whom a permission of transmission is to be issued in 
response to a reservation demand packet. 
[0265] The transmission power control command 
from the above-mentioned transmission power control 
information generation unit 21 varies according to a 
state of a communication transmission channel be- 
tween each user (mobile station), and serves as control 
information peculiar to each user. On the other hand, 
each control information from the first transmission-con- 
trol information generation unit 22 and the second trans- 
mission-control information generation unit 23 and in- 
formation about the channel allocation from the channel 
allocation information control unit 24 are pieces of infor- 
mation common to each user. 

[0266] The synthesizing unit 25 synthesizes each in- 
formation bit from the transmission power control infor- 
mation generation unit 21 , the first transmission -control 
information generation unit 22, the second transmis- 
sion-control information generation unit 23, and the 
channel allocation information generation unit 24 ac- 
cording to a predetermined algorithm. The synthesized 
signal acquired in this synthesizing unit 25 is outputted 
from the uplink transmission-control information gener- 
ation unit 20 as uplink transmission control information. 
The control information from this uplink transmission- 
control information generation unit 20 and other com- 
mon-control information are synthesized in the synthe- 
sizing unit 60, and the synthesized signal is outputted 
from the common-control channel generation unit 11 as 
information for controlling the transmission from each 
user. 

[0267] Here, in the above, although a description 
about a bandwidth expansion process by a spreading 
code has been omitted, the bandwidth expansion proc- 
ess by the spreading code sequence of the above-men- 
tioned synthesized signal is performed in the latter part 
of the above-mentioned synthesizing unit 60, and the 
above-mentioned control information is outputted from 
the common-control channel generation unit 30 con- 
cerned as a spreading code as mentioned above. 
[0268] Further, as shown in Fig. 46, the above-men- 
tioned common channel generation unit 1 1 can be struc- 
tured so that it includes a response information gener- 
ation unit 30. 

[0269] In Fig. 46, the response information generation 
unit 30 generates the response information correspond- 
ing to uplink transmissions of each user, and includes 
user response information generation units 31 (1) 
through 31 (m) corresponding to each user and a syn- 
thesizing unit 32. Each of the user response information 
generation units 31 (1) through 31 (m) generates re- 



sponse commands ACK and NACK to the uplink packet 
from a corresponding user. The synthesizing unit 32 
synthesizes information bits relative to the response 
commands from each of the user response information 
5 generation units 31 (1) through 31 (m) according to a 
predetermined algorithm. 

[0270] The synthesized signal from the synthesizing 
unit 32 is outputted from the response information gen- 
eration unit 30 as response information for an uplink 

10 transmission. Here, the response information is synthe- 
sized with other common-control information (the con- 
trol information from the uplink transmission-control in- 
formation generation unit 20 shown in Fig. 45 may be 
included) in the synthesizing unit 60. 

15 [0271] Further, as shown in Fig. 47, the common 
channel generation unit 11 can be structured such that 
a common broadcast information generation unit 40 is 
included. 

[0272] In Fig. 47, the common broadcast information 
20 generation unit 40 includes a time information genera- 
tion unit 41 , a cell information generation unit 42, a traffic 
information generation unit 43, a road traffic information 
generation unit 44, a broadcasting information genera- 
tion unit 45, and a synthesizing unit 46. The time infor- 
ms mation generation unit 41 generates the time informa- 
tion indicating the absolute time. The cell information 
generation unit 42 generates information such as ID in- 
formation which specifies the cell (base station) con- 
cerned, information showing the position of the base 
30 station concerned, and information about base stations 
near the base station concerned. 
[0273] The traffic information generation unit 43 gen- 
erates traffic information based on uplink and downlink 
communication situations in the cell of the base station. 
35 The road traffic information generation unit 44 gener- 
ates information indicating road traffic situations of 
roads in the area of the cell (base station) concerned. 
The broadcasting information generation unit 45 gener- 
ates other information, such as television information 
40 and circumference information. 

[0274] Each of the information generation units 41 , 
42, 43, 44, and 45 above-mentioned does not need to 
synchronize in generating the information. The informa- 
tion may be generated with different periods according 
45 to the kind of the information. 

[0275] Information bits generated at one or more of 
the information generation units 41 , 42, 43, 44, and 45 
mentioned above are synthesized by the synthesizing 
unit 46 according to a predetermined algorithm. The 
so synthesized signal from this synthesizing unit 46 is out- 
putted from the common broadcast information gener- 
ation unit 40 as common broadcast information. Further, 
the common broadcast information is synthesized in the 
synthesizing unit 60 with other common-control informa- 
55 tion (which may include either or both of the response 
information from the response information generation 
unit 30 shown in Fig. 46 and the control information from 
the uplink transmission-control information generation 
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unit 20 as shown in Fig. 45). 

[0276] Further, the common channel generation unit 
11 can also be configured as shown in Fig. 48. 
[0277] In Fig. 48, this common-control channel gen- 
eration unit 11 includes a pilot symbol generation unit 
50 and a synthesizing unit 60. The pilot symbol gener- 
ation unit 50 generates a pilot symbol known to all users 
in common forsynchronization, channel estimation, and 
the like. The pilot symbol from this pilot symbol genera- 
tion unit 50 is synthesized by the synthesizing unit 60 
with other common-control information (which may in- 
clude at least a kind of information of the control infor- 
mation from the uplink transmission-control information 
generation unit 20 shown in Fig. 45, the response infor- 
mation from the response information generation unit 30 
shown in Fig. 46, and the common broadcast informa- 
tion from the common broadcast information generation 
unit 40 shown in Fig. 47). 

[0278] Structure of the downlink channel formed in the 
base station that is configured as mentioned above, and 
employs the multi-carrier/DS-CDMA method is shown 
in Fig. 49. 

[0279] In the example shown in Fig. 49, in each time 
frame at a predetermined time, while a common-control 
channel is assigned to one code channel in each of n 
subcarriers 1 through n, communication channels are 
assigned to a plurality of code channels. Each channel 
(a common-control channel and communication chan- 
nels) in each subcarrier is distinguished by the spread- 
ing code sequences (code) used in the common-control 
channel generation unit 1 1 and the user channel gener- 
ation units 12 (#1) through 12 (#m) mentioned above. 
[0280] The common-control channel includes the in- 
formation generated in the common-control channel 
generation unit 11 that may include any one of or any 
combination of, for example, the pilot symbol (generated 
by the pilot symbol generation unit 50), the uplink trans- 
mission control information (generated by the uplink 
transmission-control information generation unit 20), 
the response information to the uplink transmission 
(generated by the response information generation unit 
30), the common broadcast information (the common 
broadcast information generation unit 40). 
[0281] Information (transmission data) which should 
be transmitted to a user is assigned to each communi- 
cation channel such that the information generated in 
each of the user channel generation units 12 (#1)-12 
(#m) is included in the corresponding communication 
channel. 

[0282] In addition, channels of one or a plurality of the 
subcarriers can be assigned to each user. 
[0283] In the downlink channel structure mentioned 
above, a common-control channel of each subcarrier 
can be arbitrarily set up as to what information is includ- 
ed, and as to whether information is included in the com- 
mon channel of all the subcarriers. 
[0284] In the following, another example of the down- 
link channel structure that is similar to the example 



shown in Fig. 49 is described, where a common-control 
channel is assigned to one code channel in each time 
frame in each of the n subcarriers 1 through n, and com- 
munication channels are assigned to a plurality of code 
5 channels. 

.[0285] In the example shown in Fig. 50, information 
other than the pilot symbol (uplink-control information, 
uplink response broadcast information) is included in 
the common-control channel of a specific subcarrier (for 
10 example, the subcarrier 1). The pilot symbol may be in- 
cluded in the common-control channel of all the subcar- 
riers, or in the common-control channel of discontinuous 
subcarriers. 

[0286] 5 In an example shown in Fig. 51 , different sub- 
15 carriers are assigned to common -control channels ac- 
cording to the kind of information to be included. For ex- 
ample, the uplink-control information is included in the 
common-control channel in the subcarrier 1 , the uplink 
response information is included in the common-control 
20 channel in the subcarrier 2, and the broadcast informa- 
tion is included in the common-control channel in the 
subcarrier n. Like the example shown in Fig. 50, this ex- 
ample also allows the pilot symbol to be included in the 
common-control channel of all the subcarriers, or in the 
25 common-control channel of each discontinuous subcar- 
rier. 

[0287] In an example shown in Fig. 52, any of or any 
combination of the above-mentioned pilot symbol, the 
uplink-control information, the uplink response informa- 

30 tion and the broadcast information is included in the 
common-control channel of each subcarrier, not in each 
whole time frame but in a predetermined time zone T. 
Consequently, the information included in the common- 
control channel in each subcarrier is transmitted foreve- 

35 ry predetermined period to the same timing. 

[0288] In the example shown in Fig. 53, above-men- 
tioned information is included in the common -control 
channel in each subcarrier, not in each whole time frame 
but in some time zones, like the example shown in Fig. 

40 52. In this example, however, the time zones T1 , T2 
through Tn differ for every subcarrier. Consequently, the 
information included in the common -control channel in 
each subcarrier is transmitted for every predetermined 
period at different timings. 

45 [0289] According to the downlink channel structure in 
the multi-carrier/DS-CDMA mobile communication sys- 
tem, as mentioned above, since various information can 
be transmitted to each user by including the information 
in the common-control channel that can be commonly 

so used by all users, efficient transmission is attained com- 
pared with the case where the information is transmitted 
by an individual channel peculiar to a user. 
[0290] If information (for example, the transmission 
power control information, the response information to 

55 each user, the channel allocation information, and the 
like) peculiar to each user is further included in thecom- 
mon-control channel, the peculiar information to a plu- 
rality of users can be transmitted now by onecommon- 
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control channel, and efficient information transmission 
'will be attained. 

[0291] In the third embodiment, in each example men- 
tioned above, although the common-control channel 
was assigned to one code channel of all subcarriers, the 
present invention is not limited to this. It is possible to 
assign a control channel to one, two or more code chan- 
nels of two or more subcarriers, partly or wholly. 
[0292] According to the first embodiment of the 
present invention, efficient multiplexing of a reservation 
demand packet and a data packet is realized by using 
a time slot and a spreading code in a single carrier/ 
DS-CDMA uplink packet transmission method. Further 
by the first embodiment, changes in traffic amount can 
be flexibly met also by controlling the number of the 
spreading codes available to a reservation demand 
packet and the reservation demand packet transmission 
admission probability. 

[0293] Moreover, the packet transmission method in 
the rnulti-carrier/DS-CDMA of the second embodiment 
of the present invention realizes time-slot reservation 
type packet transmission, random access type packet 
transmission, and packet transmission of a variable 
transmission speed, enabling efficient transmission of 
signals of various transmission volumes. 
[0294] Further, according to the third embodiment of 
the present invention, any of information peculiar to 
each user and information common to all users can be 
included and transmitted by inserting the information in- 
to the common-control channel in each above-men- 
tioned subcarrier in a multi-carrier/DS-CDMA mobile 
communication system when information is transmitted 
from a base station to each user (mobile station). There- 
fore, efficient transmission of control information to each 
user is now available even when there is an asymmetry 
in transmission information volumes between the uplink 
and the downlink in a multi-carrier/DS-CDMA mobile 
communication system. 

Claims 

1. A single carrier/DS-CDMA packet transmission 
method that expands a bandwidth of information 
symbols by a sequence of spreading codes, and 
transmits packets by use of spreading signals hav- 
ing an expanded bandwidth, comprising: 

assigning a predetermined time slot to reserva- 
tion demand packet transmission; and 
time-multiplexing and transmitting reservation 
demand packets and data packets, with re- 
spect to part or all of the spreading codes. 

2. A single carrier/DS-CDMA packet transmission 
method that expands a bandwidth of information 
symbols by a sequence of spreading codes, and 
transmits packets by use of spreading signals hav- 



ing an expanded bandwidth, comprising: 

assigning k (0<k<n) spreading codes of all N 
spreading codes to reservation demand packet 
5 transmission, and 

time-multiplexing and transmitting reservation 
demand packets and data packets. 

3. The packet transmission method as claimed in 
10 claim 1 or 2, wherein reservation demand packet 
transmission admission probability determined in 
advance is lowered when a channel occupancy rate 
of the data packets exceeds a predetermined value. 

15 4. The packet transmission method as claimed in 
claim 2, wherein the spreading codes assigned to 
the reservation demand packet transmission are 
decreased in number, and the spreading codes as- 
signed to data-packet transmission are increased 

20 in number when a channel occupancy rate of the 
data packets exceeds a predetermined value. 

5. The packet transmission method as claimed in 
claim 2, wherein the reservation demand packet 

25 transmission admission probability determined in 
advance is lowered first when a channel occupancy 
rate of the data packets exceeds a predetermined 
value, and, subsequently, the spreading codes as- 
signed to the reservation demand packet transmis- 

30 sion are decreased in number while the spreading 
codes assigned to data-packet transmission are in- 
creased in number when the channel occupancy 
rate of the data packets still exceeds the predeter- 
mined value even after the reservation demand 

35 packet transmission admission probability is low- 
ered. 

6. The packet transmission method as claimed in 
claim 2, wherein the spreading codes assigned to 

40 the reservation demand packet transmission are 
decreased in number first when a channel occupan- 
cy rate of the data packets exceeds a predeter- 
mined value : and, subsequently, the reservation de- 
mand packet transmission admission probability 

45 determined in advance is lowered if the channel oc- 
cupancy rate of the data packets still exceeds the 
predetermined value even after the spreading 
codes assigned to the reservation demand packet 
transmission ware decreased in number. 

50 

7. A mobile-radio packet transmission method using 
the packet transmission method as claimed in claim 
3, 4, 5, or 6, wherein a base station measures the 
channel occupancy rate of the data packet, and de- 

55 termines the reservation demand packet transmis- 
sion admission probability and a number indicative 
of how many spreading codes are available for the 
reservation demand packets. 
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8. The mobile-radio packet transmission method as 
claimed in claim 7, wherein the base station inserts 
the number of spreading codes available for the res- 
ervation demand packets and the reservation de- 
mand packet transmission admission probability in- 5 
to an information channel of a downlink by time- 
sharing. 

9. A single carrier/DS-CDMA packet transmission 
method that expands a bandwidth of information 10 
symbols by a sequence of spreading codes, and 
transmits packets by use of spreading signals hav- 
ing an expanded bandwidth, comprising utilizing a 
short repetition period spreading code when ex- 
panding a bandwidth of reservation demand pack- *5 
ets and data packets. 

10. A single carrier/DS-CDMA packet transmission 
method that expands a bandwidth of information 
symbols by a sequence of spreading codes, and 20 
transmits packets by use of spreading signals hav- 
ing an expanded bandwidth, comprising: 

utilizing a short repetition period spreading 
code when expanding a bandwidth of reserva- 25 
tion demand packets; and 
utilizing a long repetition period spreading code 
when expanding a bandwidth of data packets. 

11. A single carrier/DS-CDMA packet transmission 30 
system having a base station and a plurality of mo- 
bile stations, wherein 

the base station assigns a predetermined time 
slotto reservation demand packet transmission 35 
in regard to part or all of spreading codes, and 
notifies a mobile station of an assigned reser- 
vation demand packet channel, and 
the mobile station transmits a reservation de- 
mand packet using the assigned time slot. *o 

12. A single carrier/DS-CDMA packet transmission 
system having a base station and a plurality of mo- 
bile stations, wherein 

45 

the base station assigns k (0<k<n) spreading 
codes of a total of N spreading codes to reser- 
vation demand packet transmission, and noti- 
fies a mobile station of an assigned reservation 
demand packet channel, and 50 
the mobile station transmits a reservation de- 
mand packet using the assigned spreading 
codes. 

13. A single carrier/DS-CDMA packet transmission 55 
system comprising a base station and a plurality of 
mobile stations, wherein the base station compris- 
es: 



measurement means which measures a chan- 
nel occupancy rate of a data packet; and 
means which determines a reservation de- 
mand packet transmission admission probabil- 
ity and a number indicative of how many 
spreading codes are available for reservation 
demand packets, and notifies the mobile sta- 
tion thereof, 

wherein the base station determines the 
number of spreading codes available for reserva- 
tion demand packets and the reservation demand 
packet transmission admission probability based 
on the measurement by the measurement means, 
and inserts a determined reservation demand pack- 
et channel into a downlink broadcast channel by 
time-multiplexing, followed by notifying the mobile 
station thereof. 

14. An uplink packet transmission method in a rnulti- 
carrier/DS-CDMA mobile communication system 
having n (n being a natural number equal to or more 
than two) subcarriers, comprising: 

setting up frames that define constant intervals 
in each communication channel of the subcar- 
riers, and further setting up time slots by tem- 
porally dividing each of the frames into F pieces 
(F being a natural number equal to or more than 
two), and 

spreading, in a mobile station, a packet to be 
transmitted by spreading codes in synchroniza- 
tion with timing of the time slots, and transmit- 
ting the packet to the base station. 

15. The uplink packet transmission method as claimed 
in claim 14, 

said mobile station requiring said base station 
to assign time slots and spreading codes by 
transmitting a reservation demand packet as 
preparation for packet transmission, 
said base station assigning time slots and 
spreading codes to the mobile station that de- 
manded, and 

said mobile station spreading the packet by the 
assigned spreading codes and transmitting the 
packet via the time slots assigned by said base 
station. 

16. The uplink packet transmission method as claimed 
in claim 14, wherein said mobile station makes ran- 
dom access to one of time slots of the communica- 
tion channels to transmit a packet, without requiring 
the base station to assign time slots. 

17. The uplink packet transmission method as claimed 
in claim 14, wherein said mobile station changes 
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transmission speed of the mobile station according 
to a transmission volume of a packet that the mobile 
station is to transmit. 

18. The uplink packet transmission method as claimed 
in claim 15, 

said base station assigning k1 (k1 being a nat- 
ural number, and k1 < Fn) time slots for the res- 
ervation demand packet transmission, and fur- 
ther assigning ml (ml being a natural number, 
ml < a total number of available spreading 
codes) spreading codes for spreading the res- 
ervation demand packet, and 
said mobile station spreading and transmitting 
the reservation demand packet by one of the 
assigned spreading codes in the assigned time 
slots. 

19. The uplink packet transmission method as claimed 
in claim 18, wherein said base station changes the 
number k1 of the time slots for the reservation de- 
mand packet transmission according to the number 
of reservation demand packets sent from the mobile 
station during a predetermined period. 

20. The uplink packet transmission method as claimed 
in claim 18, wherein said base station changes the 
number ml of the spreading codes for the reserva- 
tion demand packet transmission according to the 
number of reservation demand packets sent from 
the mobile station during a predetermined period. 

21. The uplink packet transmission method as claimed 
in claim 18, wherein said base station changes the 
number k1 of the time slots for the reservation de- 
mand packet transmission and the number ml of 
the spreading codes for the reservation demand 
packet transmission according to the number of res- 
ervation demand packets sent from the mobile sta- 
tion during a predetermined period. 

22. The uplink packet transmission method as claimed 
in claim 18, wherein the base station notifies the 
base station of a transmission limit of the reserva- 
tion demand packet when numerous reservation 
demand packets are received from the mobile sta- 
tions during a predetermined period, and the mobile 
station transmits the reservation demand packet 
according to the limit. 

23. The uplink packet transmission method as claimed 
in claim 16, wherein said base station assigns k2 
(k2 being a natural number, and k2 <= Fn) time slots 
as usable for packet transmission through random 
accessing by the mobile station , and further assigns 
m2 (m2 being a natural number, and m2 <= a total 
number of available spreading codes) spreading 



codes for spreading a random access packet, and 
wherein the mobile station spreads a random ac- 
cess packet by one of the assigned spreading 
codes and transmits the packet in the assigned time 
5 slots. 

24. The uplink packet transmission method as claimed 
in claim 23, wherein the base station changes the 
number k2 of the time slots for the random access 

10 packet transmission according to the number of 
random access packets sent from the mobile sta- 
tion during a predetermined period. 

25. The uplink packet transmission method as claimed 
'5 in claim 23, wherein the base station changes the 

number m2 of the spreading codes for the random 
access packet transmission according to the 
number of random access packets sent from the 
mobile station during a predetermined period. 

20 

26. The uplink packet transmission method as claimed 
in claim 23, wherein the base station changes the 
number k2 of the time slots for the random access 
packet transmission and the number m2 of the 

25 spreading codes for the random access packet 
transmission according to the number of random 
access packets sent from the mobile station during 
a predetermined period. 

30 27. The uplink packet transmission method as claimed 
in claim 10, wherein the base station notifies the 
base station of a transmission limit of random ac- 
cess packets when numerous random access pack- 
ets are received from the mobile stations during a 

35 predetermined period, and the mobile station 
makes random accesses according to the limit. 

28. The uplink packet transmission method as claimed 
in claim 17, wherein the base station assigns p 
40 spreading codes (p being a natural number, and p 
< a total number of available spreading codes) to 
the mobile station according to a transmission vol- 
ume of the mobile station. 

45 29. The uplink packet transmission method as claimed 
in claim 1 7, wherein the base station assigns to the 
mobile station a spreading code having a spreading 
factor that varies according to a transmission vol- 
ume of the mobile station. 

so 

30. The uplink packet transmission method as claimed 
in claim 17, wherein the base station assigns q time 
slots (q being a natural number, and q < Fn) to the 
mobile station according to a transmission volume 

55 of the mobile station. 

31. The uplink packet transmission method as claimed 
in claim 17, wherein the base station performs as- 
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signing by changing at least two of a number p of 
spreading codes (p being a natural number, and p 
< a total number of available spreading codes), 
spreading codes having different spreading factors, 
and a number q of time slots q (q being a natural 
number and q < Fn) according to a transmission vol- 
ume of the mobile station. 

32. A downlink channel structure in a mu It i -carrier/ 
DS-CDMA mobile communication system that ex- 
pands a bandwidth of information symbols by a se- 
quence of spreading codes and transmits spread- 
ing information signal obtained by the bandwidth 
expansion by using a plurality of subcarriers having 
predetermined frequency intervals, wherein 

a plurality of communication channels assigned 
to the respective subcarriers are divided into 
predetermined time frames and multiplexed, 
and 

the plurality of communication channels as- 
signed to the respective subcarriers are config- 
ured to include a common-control channel 
shared by a plurality of users and communica- 
tion channels specific to the respective users. 

33. The downlink channel structure in the-multi-carrier/ 
DS-CDMA mobile communication system as 
claimed in claim 32, wherein the common-control 
channel includes information for controlling each 
user's uplink transmission. 

34. The downlink channel structure in the multi-carrier/ 
DS-CDMA mobile communication system as 
claimed in claim 32 or 33, wherein the common- 
control channel includes information about a re- 
sponse to each user's uplink transmission. 

35. The downlinkchannel structure in the multi-carrier/ 
DS-CDMA mobile communication system as 
claimed in any one of claims 32 through 34, wherein 
the common-control channel includes broadcast in- 
formation commonly directed to each user. 

36. The downlink channel structure in the m u It i -carrier/ 
DS-CDMA mobile communication system as 
claimed in any one of claims 32 through 35, wherein 
the common -control channel includes a pilot sym- 
bol used for demodulating a received signal by each 
user. 

37. The downlink channel structure in the multi-carrier/ 
DS-CDMA mobile communication system as 
claimed in any one of claims 32 through 36, wherein 
the common-control channel is assigned to one or 
more code channels in part or all of the subcarriers. 

38. The downlink channel structure in the multi-carrier/ 



DS-CDMA mobile communication system as 
claimed in any one of claims 32 through 37, wherein 
the common-control channel includes different 
kinds of information for different subcarriers. 

5 

39. The downlink channel structure in the multi-carrier/ 
DS-CDMA mobile communication system as 
claimed in any one of claims 32 through 38, wherein 
information included in the common-control chan- 

10 nel assigned to each subcarrier is time-multiplexed 
to part of each time frame. 

40. The downlink channel structure in the multi -carrier/ 
DS-CDMA mobile communication system as 

15 claimed in claim 39, wherein the information includ- 
ed in the common-control channel assigned to each 
subcarrier is time-multiplexed to an identical timing 
portion of each time frame of each subcarrier. 

20 41 . The downlink channel structure in the multi -carrier/ 
DS-CDMA mobile communication system as 
claimed in claim 39, wherein the information includ- 
ed in the common-control channel assigned to each 
subcarrier is time-multiplexed to different timing 

25 portions of each time frame of each subcarrier. 
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